A new, consistent and objective methodology, using a CCD camra to map flame luminosity, was applied for measuring wall b e heights. Experiments in six distinct wall configurations were conducted by simulating a wall fire via gaseous burners. The wall width was fixed at 0.4m and the burner height was set at 0 . 2 5~ at 0 . 5~ or at lm In a first time, the wall, 2m high, was confined by water cooled (65" C) sidewalls a) over its total height so that the flames were entraining air &om the fiond only or b) over its lower part beyond which f h~s were uncon6ned and could also entrain air sidewise. Then, the wall was unconfined over its total helght (2.5m high) and the air was entrained &om the front and at the side. Three hels were tested : methane, propane and acetylene. The present consistent and objective wall flame height measurements were essential for the development of new wall h e height correlations that include effects of burner (pyrolysis) height, wall width and confinement by sidewalls.
INTRODUCTION
Flame height in fires is a parameter needed to predict heat fluxes and release and dispersion of products of combustion. A common method for dehing flame heights is based on visual observations [I] . Other methods include average temperatures on the fire axis [2] , or radiative heat flux (or radiice) distribution along the fire axis [3] . The flame height corresponds to the end of burning owing to he1 consumption and all cited methods provide just a measure of the extent of burning. In the present work a CCD camera (768x574 resolution and 8-bit grayscale) was used to measure and map the flame luminosity [4, 51 . A threshold value of luminous intensity identzed the flame location in the instantaneous images [4, 5] . Three methods were applied to determine flame heights : 1. All intensities in the instantaneous images (160 total) were averaged to obtain an average image of the flame luminosity. The visible flame height is obtained by selecting an appropriate threshold. 2. A binary identitication for flame location was applied on each instantaneous image by assigning zero (0) to a point having intensity less than a threshold value and one (1) otherwise. This threshold defmes the flame location Subsequently, the binary notations were averaged. 3. The instantaneous images were statistically treated using Zukoski's [6] criterion to determine flame heights when flame intermittency on the axis was 50%. The luminosity threshold was selected to defme the visible flame edge [4, 51. It was also checked that the so-determined flame height corresponds to an average gas temperature of 500°C on the axis [4, 5] . All three methods yield nearly the same values.
EXPERIMENTAL SETUP
Six configurations were tested in the present program :
1. In the fust configuration ( Fig. la) a gaseous burner 0.50m high and 0.40111 wide produced the wall flames. Water cooled sidewalls (65OC) restricted side entrainment over a height H=2m &om the bottom of the burner. 2. In the second configuration (Fig. lb) , a gaseous burner 0.25m high and 0.40m wide was used.
Water cooled sidewalls (65'C) restricted side entrainment over a height H=2m &om the bottom of the burner. 3. In the third configuration (Fig. 2a) , the same burner as in Fig. la was tested having sidewalls over a height of H=lm kom the burner bottom Sidewalls were not installed downstream of this height. 4. In the fourth configuration (Fig. 2b) , the same burner as in Fig. lb was tested having sidewalls over a height of H=0.75m kom the burner bottom Sidewalls were not installed downstream of this height. 5. In the m h configuration (Fig. 3a) , a gaseous burner lm high was tested. Two water cooled sidewalls were placed each other sides of the wall, then side entrainment air was not restricted. A tube with a line of holes s t a b ' i d the diffusion h e at the bottom of the burner. 6. In the sixth configuration (Fig. 3b) , the same burner as in fust configuration was used (H=O).
For configurations 1, 2, 5 and 6 propane was tested whereas for configurations 3 and 4 methane, propane and acetylene were used. Zero point of the flames correspond to the bottom of the porous burner. Flame heights are listed in tables (Figs 1, 2 and 3) where four flame heights are shown for each test obtained as described earlier : 1. La (m) fiom average luminous image fields [4, 5] . 
ANALYSIS AND CORRELATIONS

Entirely Confined Flows, Configurations 1 and 2 (Fig 1)
In these cases, it is expected that the wall width will not affect the flame heights because entrainment occurs fiom the fiont. The flame heights should conrelate as [7, 8, 9] :
where Lf is the flame height and Lb is the burner height (equal to 0.5m for configuration 1 and 0.25m for configuration 2). In addition, Q*' is a dimensionless fie Froude number for wall fies [6, 7, 8] having the following simpliiied form :
where Q', is the theoretical heat release Q,, divided by the burner width h (= 0.4m for all tests).
Note that a more appropriate form for Eq. lc would have been if the theoretical heat release rate would have been replaced by Q ' ,~ = X A~, h , where XA is the combustion efficiency.
In deriving Eq. lb, we have used the following physics [7, 8, 9 ] : 1. The Dlame height is determined by the turbulent flow in the outer part of the wall boundary layer and not by the viscous layer at the wall.
2. Turbulent mixing in the boundary layer controls combustion 3. For modeling purposes, visible height is debed as the location where the mean concentration of fuel and its decomposition products is zero. This location will depend on the stoichiometric ratio and the level of fluctuations [8, 9] . It can be shown that this location on the axis occurs when the entrainment of air to this location is a multiple of the air stoichiometric requirements for complete combustion. This multiplying factor depends on the level of fluctuations 
Figure 4a namely, a relation that has appropriate limits and compares well with experiments as shown in Fig.  4b .
Partially Confined Flows, Configurations 3 and 4 (Fig 2) For most of these results (Tables 2a and 2b ) flame heights are larger than the confinement height H, which is lm in Fig. 2a and 0.75m in Fig. 2b . Limiting our attention primarily to these data, we can be sure that the burner height should not enter i n a proposed correlation, because Lf 1 Lb > 2 (cf discussion in the previous section). We can, therefore propose the following correlation for flame heights :
L or in a reduced form : & = function q*l2I3
In the second form, we have combined the two effects shown in Eq. 4% namely the effects of confinement height H and wall width L which is equal to 0.4m for all tests. These correlations have been used to plot the experimental flame heights listed in Tables 2a and 2b for three fhels and conjigurations 3 and 4. Figures 5a and 5b use coordinates corresponding to Eqs. 4a and 4b, respectively. Both correlations collapse the data well. The correlation in Fig. 5a plots the normalized height in terms of Q*l2I3 M indicating that the other parameter on the right hand side of Eq. 4a is not as important. We think that this reflects only the range of parameters of the present data.
We prefer the correlation in Fig. 5b (which also combines in one the two parameters on the right hand side of Eq. 4a), because its fonn is intuitively more physical and also because it collapses the data better than the correlation in Fig. 5a does. The following remarks show the importance and limitations of proposed correlations :
1. AU data are included in Fig. 5% including data for which the flame height is less than the confinement height, L , 5 H . By contrast, only the data for which L, 2 H are included in Fig. 5b. Fig. 5a that the fist two normalized h e heights, where L, I H , for configuration 3 (H=lm, Fig. 2a) , are sigmficantly smaller than the normalized heights when L, 2 H for all fuels. This result is contrary to expectations which would predict a s d e r normalized height owing to larger entrainment (from the sides) as soon as sidewalk are absent, namely when L 2 H . We think, as other evidence also suggests [4, 51 , that this behavior is due to increased fluctuations when sidewalls are not present. Increased fluctuations can decrease local combustion intensities and hence, would make fJam heights larger even if entrainment increases. Also note that in the tests having sidewalk over the flame extent (see Figs. 4a and 4b) , the (asymptotic) normalized flame height (for propane, Eq. 2) has a lower value than in the tests included in Figs 5a and 5b for propane.
Note in
The following correlations have been found by fitting the data in Fig. 5b :
5.7
These correlations are applicable for the following conditions :
and ofcourse H 2 0.
The difference in the numerators of Eqs. 5% 5b and 5c for the three diierent fuels is due to the merent efficiency combustion for the three fuels: XA=I for methane, ~~' 0 . 9 for propane and ~~= 0 . 7 8
for acetylene [lo] see discussion page 3.
Unconfined Flows, Configurations 5 and 6 (Fig. 3) The range of parameters as shown in Eqs 6a and 6b is extended, the last one being of more interest. We do expect the following behavior as this parameter defined by Eq. 6b increases (for H=O) :
which implies that the flame height varies as : L = functi~n(Q,~'~)
i.e. it is independent of wall width, lh.
Using the suggested correlation by Eq. 7% data for unconfined wall h e heights is plotted in Fig   6 a As for entireiy confined flows, it is seen that the burner height affects the flame height relation when Lf / L, < cte (cte = 1.5).
For greater values of this parameter, the following correlations collapse the data well (respectively Following the transition from confined (sidewalls) to unconfined (no sidewall) conditions, the normalized flame height decreases, as expected, because entrainment increases from the sides, whereas fluctuations remain the sarne in this regime.
CONCLUSIONS
A new, consistent and objective methodology [4. 51 using a CCD camera to map flame luminosity, was applied for measuring flame heights in wall fires.
The main results are :
I. Effects of pyroiysis length (here height of burner) on flaw height, Lb have been established (Figs. 4a and 4b ) and a new correlation (Eq. 3d) has been developed which extends flame height correlations for cases where the flame height is comparable to pyrolysis height (LF-LL). This is an important situation for obtaining critical conditions for flame spread 191. 2. Effects of sidewall confinement and width have been investigated for three fuels and important correlations were developed (Eqs. 5% 5b, Sc), admittedly, for a limited range of relevant parameters (Eqs. 6% 6b). 3. By COT* measured flame heights, there is an indication that normalized flame heights (LV'Q*~') m confined (sidewall) situations are smaller than normalized flame heights in uncohed (no sidewall) situations (contrary to intuition) despite the larger entrainment rates in the latter case in comparison to the f o m r case (cf. Eqs. 2, 5b and 8a). This behavior has also been observed in other experiments for pool type fires [4, 51. We have proposed that this behavior is due to larger fluctuations in an "unconfined" situation, which would lead to a decrease of local burning intensities and hence, larger flaw heights needed to complete combustion, even though entrainment might increase.
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Burner of 1x0.40 mZ
Figure 3b
Burner of 0.50x0.40 m:
Table 3b
Burner of 0.50x0.40 m 2 FIGURE 3 : Experimental setup and corresponding flame heights table UNCONFINED FLOW
